Undernutrition in children remains a major global health issue and the prevalence of undernutrition in children under age five in the Democratic Republic of the Congo (DRC) is among the highest in the world. Both biological and socioeconomic factors contribute to undernutrition, and the literature reports an association between women's empowerment and lower rates of child undernutrition in sub-Saharan Africa. However, the relationship between women's decision-making power and child undernutrition is less understood. The objective of this study was to evaluate the association between women's decision-making power and stunting/wasting in their children under age five in the DRC. This study used cross-sectional data from the 2013-2014 DRC Demographic and Health Survey, from which a sample of 3,721 woman-child pairs were identified. Women were classified as having decision-making power in five decision-making dimensions if they participated in the decision either alone or jointly with their husband or partner or someone else. Child height-for-age and weight-forheight Z-scores were used to determine stunting and wasting, respectively, according to the World Health Organization Child Growth Standards. Multivariate regression analyses demonstrated that none of the five dimensions of decision-making power were associated with stunting or wasting in children. Further research that evaluates women's decision-making power with more detailed, relevant and context-specific measures is warranted to more accurately investigate women's decision-making power and undernutrition in children.
Introduction

Undernutrition
Undernutrition remains a major global health issue, accounting for 45% of deaths in children under age five who are at the highest risk of becoming undernourished [1] . While malnutrition PLOS ONE | https://doi.org/10.1371/journal.pone.0226041 December 6, 2019 1 / 19 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 empowerment often being a composite of economic, socio-cultural, legal and/or political variables measured by employment, property ownership, attitudes towards domestic violence, and decision-making power [27] . Comparatively, fewer studies focus specifically on women's decision-making power and, to our knowledge, no existing study has examined women's decisionmaking power and child undernutrition in the DRC. Furthermore, although the DHS uses standardized measures of decision-making across many countries, there is no uniform definition of decision-making power in the literature and it is unclear which dimensions of decision-making, if any, predict child undernutrition. The DHS measures five dimensions of women's decision-making: decisions regarding how to spend her own income, how to spend her husband's income, her own healthcare, major household purchases, and visits to family and relatives. Literature suggests that these five decision-making indicators may be relevant for child undernutrition. For instance, women's access to and control of financial resources (i.e. decision-making regarding her own and/or husband's income spending) has been associated with improvements in child nutrition [11] . Furthermore, women's participation in health-care decision-making may be a proxy measure for a household's overall access to healthcare (a question not directly asked in the DHS women's questionnaire) which has shown to be protective against stunting prevalence in Tanzania [28] . In addition, a woman's decision-making regarding visits to her family and relatives demonstrates her mobility autonomy, which allows for greater independence and may promote access to broader resources for her children. For instance, a study from India showed that mothers who did not need permission to go to the market were less likely to have a stunted child [23] .
The objectives of this study are, therefore, to: 1) evaluate the association between five dimensions of women's decision-making power and undernutrition in their children under age five in the DRC, and 2) to determine which, if any, of these five decision-making dimensions are the strongest predictors of child undernutrition.
Methods
Data source and study population
The 2013-2014 DRC Demographic and Health Survey (DHS) is a nationally representative cross-sectional survey that includes a Women's Questionnaire and a Biomarker Survey. Data was collected between August 2013 and February 2014 by trained local interviewers led by survey supervisors. DHS sampling is designed to be representative at the national and provincial level, as well as rural and urban regional levels [8] . Multi-stage stratified cluster sampling was used to identify a stratified sample of enumeration areas, from which 536 clusters were selected and 18,190 households were surveyed. Detailed methodology for the 2013-2014 DRC DHS can be freely accessed from the DHS Program website [29] .
A total of 18,827 women between the ages of 15 and 49 participated in the Women's Questionnaire with a 99% response rate. In a sub-sample of every other household, women were eligible to complete the Biomarker Survey, where anthropometric measurements of their children under age five were taken. The children's anthropometric data were linked to their mother's survey responses by unique identifiers. The following inclusion criteria were used to select the final sample: women who were living with a husband or with a partner as if they were married at the time of the survey, and their youngest child aged 6-59 months had complete anthropometric data. Women who did not have any children under age five were excluded. To avoid cases where women were the de facto primary decision-maker, women who were living alone were also excluded. Children under the age of 6 months were excluded due to the low risk of stunting in this age group [30] . Finally, the youngest child of each eligible woman was selected, consistent with other studies involving woman-child pairs [25, 31] . 
Measures
The exposure of interest, women's decision-making power, was determined by the participants' responses to five questions, which asked women who usually makes decisions regarding: 1) the respondent's own income spending, 2) her husband / partner's income spending, 3) the respondent's own healthcare, 4) major household purchases, and 5) visits to family and relatives (S1 Table) . A woman was considered to participate in decision-making if she indicated that she usually makes the decision alone, jointly with her husband or partner, or jointly with someone else. Using DHS data, it was not possible to measure the nature of the power balance within joint decisions, for example whether the decision was driven primarily by the woman or her husband / partner. The number of women who made decisions alone was also quite low in the overall study population. For example, for decisions regarding the respondent's own healthcare, only 261 women participated in the decision alone, 1405 women participated in the decision with her husband or partner, and 2053 women did not participate in the decision. In order to maximize statistical power, we dichotomized our exposure variable as women who participated (solely or jointly) or did not participate in decision making on the five independent variables of interest.
The outcome of interest, stunting and wasting in their children under age five, was determined from the height-for-age (HAZ) Z-scores and weight-for-height (WHZ) Z-scores respectively, as calculated from the children's age in years, weight in kilograms and height in centimeters. Children were considered stunted if their HAZ Z-score was more than 2 standard deviations (SDs) below the median of the WHO Child Growth Standards reference population. Children were considered wasted if their WHZ Z-score was more than 2 SDs below the median of the WHO Child Growth Standards reference population [32] . Since stunting and wasting are primarily indicative of chronic and acute malnutrition, respectively, they were the measures of interest in this study. Underweight was not included as it is indicative of both chronic and acute malnutrition together, and may not clearly delineate potential causal relationships if an association was observed.
Covariates of interest included child's sex, child's age, mother's education, mother's age, preceding birth interval, number of children under age five in the household, number of household members, province, place of residence, and household socioeconomic status (S1 Table) .
Statistical analysis
Differences in stunting and wasting prevalence across demographic characteristics of interest were evaluated using chi-square tests. Logistic regression was used to evaluate the association between women's decision-making power and stunting/wasting in their children under age five. Bivariate logistic regression was used to assess the unadjusted association between each of the five individual dimensions of decision-making with both stunting and wasting outcomes. Covariates associated with stunting / wasting at p < 0.10 from the chi-square tests were included in the initial multivariate logistic regression model. The final multivariate regression models were created controlling for 1) known risk factors of child undernutrition identified in the literature (child's age, child's sex, and household socioeconomic status) and 2) confounding variables identified per model using a backwards selection process at p < 0.10 for each of the five decision-making dimensions under study (province, place of residence, mother's age, mother's education, and/or number of children under 5 in the household). Finally, a stratified analysis was conducted to investigate the association between women's decision-making and child stunting / wasting in the eastern and western provinces of the DRC, where conflictaffected eastern provinces included North and South Kivu, Maniema, Katanga, and Orientale [33] and western provinces were comprised of the remaining.
IBM SPSS Statistics (version 25.0) was used to conduct data analysis and results were considered statistically significant if p < 0.05. To account for the impact of the underlying complex sampling design on logistic regression parameters, data were weighted using the SPSS Complex Samples Package [34] . Sample weights provided by DHS were used to adjust for differences in sampling probabilities.
Ethical considerations
The DHS Program specifies that informed consent was obtained from study participants before the interviews were conducted, and all data were de-identified at source before being shared with our research team. This study protocol was approved by the Queen's University Health Sciences Research Ethics Board (HSREB) (protocol #6025377).
Results
Descriptive statistics
A total of 3,721 woman-child pairs were included in the study. In this sample, 35.2% and 9.2% of children were stunted and wasted, respectively, according to WHO Child Growth Standards. Table 1 outlines the descriptive statistics of the study sample disaggregated by stunting and wasting status of the child. To summarize, the stunted group was observed to have a higher proportion of male children (p < 0.01), children greater than one year of age (p < 0.001), children whose mothers were without higher education (p < 0.001), children whose mothers were between 35 and 49 years old (p = 0.02), and children with a preceding birth interval of < 24 months (p < 0.01). Additionally, the stunted and non-stunted groups differed in the number of children under five in the household (p = 0.01), the province (p < 0.001), and place of residence (p < 0.001). The stunted group had a higher proportion of children in the two poorest quintiles compared to the non-stunted group (p < 0.001). The wasted group had a higher proportion of male children (p < 0.01), children under one year of age (p = 0.04), and children whose mothers had only a primary school education (p = 0.04). Province (p = 0.03), place of residence (p = 0.01), and wealth index quintile (p < 0.01) also differed between the wasted and non-wasted groups.
Women's participation, solely or jointly, in the five decision-making variables ranged from a low of 41.7% for decisions regarding her own healthcare to a high of 64.4% for decisions regarding her own income. Neither the stunted and non-stunted groups, nor the wasted and non-wasted groups, differed in terms of the decision-making power of their mothers (p > 0.05). Table 2 shows the weighted unadjusted odds ratios of the bivariate logistic regression of the covariates and stunting / wasting. At the bivariate level, women's decision-making was not associated with stunting / wasting. Tables 3 and 4 show the results of the multivariate logistic regression for each of the five decision making variables on the outcomes of stunting and wasting, respectively, while controlling for confounding variables. There were no observed associations between women's decision-making power and stunting or wasting in their children under age five after controlling for confounding variables. A stratified analysis investigating the association between women's decision-making power and stunting / wasting in their children in the eastern and western provinces of the DRC was conducted. In western provinces, women who did not participate in decisions regarding her husband's income had higher odds of having a child who was stunted than women who participated in this decision (OR = 1.28, 95% CI: (1.00, 1.63)) (S2 Table) .
Logistic regression
A post-hoc analysis to assess the robustness of results with a different exposure classification was also conducted. Specifically, we examined: 1) the association between joint decision-making and women's decision-making alone compared with on the outcomes of interest, and 2) the association between no participation in decision making and women's decision making alone compared with on the outcomes of interest. Women who made decisions regarding her husband's income jointly with her husband / partner/ someone else had higher odds of having a stunted child than women who made such decisions alone (OR = 1.59, 95% CI: (1.06, 2.40)) (S3 Table) . In addition, women who did not participate in decisions regarding her husband's income at all had higher odds of having a stunted child than women who made such decisions alone (OR = 1.71, 95% CI: (1.14, 2.57)) (S4 Table) .
Discussion
This study used a large, nationally representative sample to investigate the association between women's decision-making power and stunting / wasting in their children under age five.
In the current sample, 35.2% and 9.2% of children were stunted and wasted, respectively, despite national population rates of 43% and 8% [8] . Our lower prevalence of stunting may result from the fact that we only included women who were living with a husband / partner, and children whose mothers live alone may disproportionately account for greater stunting rates. Inclusion of the youngest child per woman may explain the slightly higher prevalence of wasting in the sample as higher birth order has shown to be a risk factor for wasting [35] . However, it should be noted that wasting is an indicator of acute undernutrition and is more heavily influenced by seasonality, acute food insecurity, and acute diseases than stunting [2] , and thus may be a less reliable measure of child undernutrition especially in a cross-sectional study. Eastern DRC provinces including Katanga, North-Kivu and South-Kivu were observed to have the highest rates of stunting, likely due to decades of armed conflict and ongoing insecurity.The stunted and non-stunted groups differed significantly with regards to child's sex, child's age, mother's education, mother's age, preceding birth interval, number of children under five in the household, province, place of residence, and household socioeconomic status. These findings are consistent with those of Kismul et al. who also found that the prevalence of stunting among Congolese children was higher in boys, in children of mothers with little or no education, in children of households with the lowest socioeconomic status, and in children living in rural areas [36] . The wasted and non-wasted groups also differed significantly with regards to child's sex, child's age, mother's education, province, place of residence, and household socioeconomic status, with the finding regarding age being consistent with that of Ross-Suits who noted lower rates of wasting in children above age two [37] . Women's participation in decision-making regarding her husband / partner's income was lower in the wasted group than the non-wasted group, which is consistent with a study in Ethiopia where rates of wasting in children were higher in households where mothers were not able to use money [38] .
Collectively, the five dimensions of decision-making were intended to measure women's overall autonomy at the individual, household, and societal level. At the individual level, women's participation in decision-making demonstrates internal empowerment and self- determination [17] . At the household level, women's participation in decision-making indicates intra-household authority and greater intra-household gender equality [15] . At the societal level, women's participation in decision-making indicates social support in her community [21] . For example, a woman who is able to make decisions about her own healthcare means not only that she can participate in decision-making itself, but also that she lives in a community where she can access care independently, including travel to the health facility, ability to use money for this purpose, and being treated by healthcare providers without her husband. In this study, no association was observed between any of the five decision-making variables and stunting or wasting in children under age five. This was unexpected since other studies in low-resource settings have identified decision-making as a predictor of stunting, wasting, and underweight in children [22] [23] [24] [25] . Furthermore, a study in South Kivu, DRC found that lack of women's household decision-making power negatively influenced feeding practices in children under age two [39] , which is a key determinant of under-five nutritional status.
Based on the literature, other measures of decision-making, including decisions regarding women's mobility [23] , daily household purchases [40] , and child healthcare [41] may be more relevant markers of decision making in the house in relation to child undernutrition, however, such information was not available from the 2013/14 DHS data. We did observe that some covariates were significant predictors of stunting and wasting. Specifically, child's sex, child's age, household socioeconomic status, mother's age, number of children under five in the household, province, and place of residence were associated with child stunting. In addition, child's age, household socioeconomic status, mother's education, and place of residence were associated with child wasting. These variables may be better predictors of child undernutrition than women's decision-making power, as collected by the DHS.
Our findings are largely consistent with a study that used the 2004-2005 Tanzania-DHS, which also found no association between women's decision-making regarding household purchases and visits to family and undernutrition in their children [37] . However, decision-making power regarding the respondent's own healthcare was associated with a lower odds of child stunting. This inconsistency may be due to differential access to health services in the DRC and Tanzania, which may affect the implications of this decision in these two contexts. Our identification of covariates that were associated with stunting are consistent with findings by Kismul et al. who also found child's sex, child's age, household socioeconomic status, and province to be associated with stunting [36] .
The stratified analysis of eastern and western provinces of the DRC showed that in western provinces, women who did not participate in decisions regarding her husband's income had higher odds of having a child who was stunted than women who participated in this decision. It may be that this association is evident in eastern provinces as well, but that the ongoing armed conflict in these provinces may be dampening the relationship between decision-making power and child stunting. This finding provides grounds for future research to examine child undernutrition separately in eastern versus western provinces. The lack of association between women's participation in decisions regarding her own income and stunting / wasting could result from the way the DHS survey question was structured. In the sample of 3721 participants, 852 women (22.9%) said that they were not currently working. When asked who usually makes decisions regarding how to spend her own income, the DHS survey did not provide a "not applicable" response choice. Consequently, the number of women who reported that they do not participate in these decisions may be overestimated because this group likely also includes women for whom this question was not applicable (due to the absence of any income). In comparison, the question that asks women who usually makes decisions regarding how to spend her husband's income, the DHS provided "husband has no income" as a response option which would avoid this over-estimation. Furthermore, the DHS' internationally standardized decision-making questions may have also contributed to our finding that there was no association between women's decision-making and child undernutrition. After 2007, the DHS reduced the collection of decision making variables, including decisions regarding daily purchases, which may make it difficult to completely understand the role of decision making on child nutrition outcomes. In light of these finding, the DHS may consider including more comprehensive questions regarding women's decision-making, including who has the final say in joint decision-making, decisions regarding child healthcare, and decisions regarding women's mobility, to better delineate any potential relationships between decision-making and child undernutrition. In addition, large, multi-country surveys may exclude culturally-sensitive dimensions of decision-making that are relevant to child undernutrition. Thus, context-specific questions accounting for the sociocultural circumstances in the DRC may be required to measure decision-making more accurately. For example, while mother's decision-making regarding her own healthcare has been shown to be strongly associated with her own nutritional status [41] , it was not found to be associated with child undernutrition in this study. Decision-making regarding her child's healthcare, for instance, may be a better predictor of child undernutrition and may be worth exploring in future research.
It may also be that biological factors are more strongly associated with child undernutrition than women's participation in decision-making. For instance, child's age and sex, child's birth order, preceding birth interval, how long the child was breastfed, and the mother's age and nutritional status during pregnancy are all important determinants of a child's nutritional status [35, [42] [43] [44] . Wells argues that maternal pre-pregnancy nutritional status may be shaped by her own early growth in her natal household, which contributes to her 'maternal capital,' defined as phenotypic resources enabling investment in the offspring [45] . Thus child stunting may be more strongly influenced by an inter-generational process, which conceals any potential weaker association between decision-making and nutritional status. Furthermore, although stunting may not be directly associated with women's decision-making power, it may be a proxy of broader inequitable gender norms [11, 46] .
Misclassification of exposure may also be contributing to the lack of association between decision-making and child undernutrition observed in this study. The post-hoc analysis, for example, found that women who made decisions regarding her husband's income jointly with her husband / partner or someone else had higher odds of having a stunted child than women who made such decisions alone. In addition, women who did not participate in decisions regarding her husband's income had higher odds of having a stunted child than women who made such decisions alone. Though there may be advantages to sole decision-making regarding child undernutrition, excluding women who make decisions jointly with a husband / partner or someone else from the exposure variable may exclude women who contribute significantly to the decision-making process in a similar manner as women who make decisions alone. This finding provides grounds for future research delving into the nuances of decision-making classifications.
The current study suggests that women's decision-making power, as captured by the 2013-2014 DHS survey, is not associated with child undernutrition in the DRC. Further research investigating decision-making power and child undernutrition is warranted as more detailed and context-specific measurement of decision-making may be required to better understand whether an association between women's decision-making and child nutritional status exists. Moreover, it would be interesting to further explore decision-making as a potential predictor of stunting and wasting in children according to province and place of residence. Finally, the development of a consistent definition of decision-making will be important in allowing for cross-study comparisons to be made.
Limitations and strengths
Results must be interpreted within the context of the study's limitations. First, this study relied on DHS data, using self-reported information that is subject to recall and social desirability bias. Second, as an exposure variable decision-making is subject to misclassification bias since nuances regarding the degree of women's participation in decision-making were not captured in the current study and it cannot be assumed that joint decision-making means equal decision-making power for men and women. A study investigating decision-making regarding women's healthcare in Asia noted that joint decision-making should be interpreted cautiously in societies with low gender equality since women may be pressured / forced to agree with their husbands or partners [47] . Despite these challenges, some researchers argue that measuring joint decision-making is valuable as it may be associated with better health and socioeconomic outcomes than decision-making alone [48] . In addition to providing some clarity around this issue, future research should also investigate the association between husband's decision-making and child undernutrition to understand potential gendered impact of decision-making. Third, given the cross-sectional nature, this study can only examine associations, not temporality. Fourth, covariates including the mother's BMI, the child's birth order, how long the child was breastfed, the mother's nutritional status during pregnancy, gender equality in society, and parental occupations were not investigated as potential confounders, although they may be potential risk factors for undernutrition [10, 11, 35, 43] . Finally, this study did not investigate underweight (low weight-for-age) as an indicator of undernutrition. Given that the relationship between decision-making power and undernutrition is unclear in the DRC, we chose measures that were more indicative of chronic (stunting) and acute (wasting) undernutrition to better delineate potential causal relationships.
This study has several important strengths, including its large sample size, the fact that it is representative and therefore generalizable in the DRC, and its exceptionally high response rate. Furthermore, given the detailed survey, the analysis was also able to evaluate and control for a wide range of known and potential confounding variables.
This study contributes to the body of knowledge regarding women's decision-making power in relation to undernutrition in the DRC. In this study, we did not observe any association between five indicators of women's decision-making power and child undernutrition as currently measured in the DHS questionnaires. Future iterations of the DHS surveys may consider decisions regarding women's mobility, daily household purchases, and child healthcare, as well as delving into the nuances of joint decision-making. 
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